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PREFACE.
The investigations discussed in this article form a continua-
tion of the work previously published in Bulletins 161 and 165
of this station, on the use of vegetable decolorizing carbons in the
cane sugar industry.
The writer again wishes to express his indebtedness to Mr. W.
G. Taggart, Assistant Director of the station, without whose
active cooperation this work would have been impossible to
accomplish. He also gratefully acknowledges the advice received
from other members of the staff, and from Mr. W. L. Owen. His
special thanks are due to Mr. S. Byall, who carried out a large
part of the analytical work, as well as to Messrs. S. R. Asuncion
and Octavio Cabral de Vasconcellos, who likewise assisted him
in the laboratory.
"This paper was presented before the Sugar Section of the American
Chemical Society at the 59th Meeting, held at St. Louis, April 12 to
IT, 1920."
THE THEORY OF CANE JUICE CLARIFICATION.
The clarification of beet and cane juices is generally con-
sidered to be an essentially chemical process, even though most
people admit a secondary ''mechanical" effect.
The object of clarification manifestly is the removal of as
large a quantity as possible of all impurities, especially of those
which impede the obtaining, by evaporation and crystallization,
of the largest quantity of pure cane sugar. The fact that this
object has so far been almost entirely attained by the use of very
active chemicals naturally would lead to the conclusion that
clarification is a chemical process.
The oldest method of purifying cane juice is the application
of heat. This agent has two advantages. In the first place it
prevents the decomposition of the sucrose which would otherwise
take place under the influence of enzymes. But the use of heat
at the same time constitutes a clarification process, as may readily
be observed when cane juice is brought to the boiling point. A
flocculent precipitate separates out and the liquid itself clears up
considerably. However, clarification by heat alone is not practical
from the sugar making standpoint, because it is impossible com-
pletely to separate the precipitate from the liquid by decantation
or filtration. The next step, undertaken about 1200 years ago, was
the use of caustic lime, and this chemical is up to the present day
the only substance used in all the different methods of sugar man-
ufacture. The first object of the addition of lime to beet or cane
juice is to neutralize the natural acidity of the juice which would
otherwise at high temperatures convert the sucrose into invert
sugar. However, it should be stated right here that, at least as
far as beet juices are concerned, the danger from inversion is
very slight, as was found long ago.^ Next, the lime forms in-
soluble compounds with some of the acids in the juice, both
inorganic and organic, and also with certain proteids and gums.
When this precipitate is formed, it ''envelops," as is generally
said, solid particles suspended in the juice, such as clay adhering
to the cane when it enters the mill, finely divided fiber, etc. But
the difficulty we have just mentioned in connection with the
clarification by heat alone is not entirely overcome by the addi-
1 Wohryzek, Chemie der Zuckerindustrie, Berlin, 1914, p. 306.
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tional use of lime. It is a well known fact that even here the'
separation of precipitate and liquid cannot be effected by ordi-
nary' filtration, because any filter used will soon clog and stop
ninning. For this reason factories using lime alone must resort
to decantation. Having thus removed the greater part of the
liquid, it is possible to recover the remainder by filtration in
presses, but even this is a slow process. Although the clarified
juice appears reasonably clear to the naked eye, the sugar ob-
tained is dark and of such a quality that it must be refined before
entering consumption channels. All this shows that in spite of
the comparative clearness of the juice something has been left in
it which keeps us from getting a high quality' sugar. It is there-
fore not surprising that attempts have been made to improve on
the Hme process, and these improved methods which are largely
employed in practice, have again been worked out from purely
chemical considerations. It was observed that an excess of lime
would cause more precipitate to form, and therefore had a
greater purifying action. However, in the first place, so much
Hme is introduced by thi^ process that the excess must be again
removed, before separating precipitate and liquor. This may be
done by neutralizing the excess lime with some acid which forms
insoluble lime salts, such as carbonic, sulfurous, or phosphoric.
All of these three may be, and at least the first two are exten-
sively used in beet sugar manufacture, and also to some extent
with cane. It is a fact that with these improved methods of
clarification the precipitate can be separated much more easily
from the liquid than is the case when lime alone is used for clari-
fication. Juices treated with a large excess of lime and neutral-
ized again with carbon dioxide can readily be filtered through
presses, and while this is not directly possible when sulfur
dioxide or phosphoric acid are used for neutralizing the lime,
nevertheless the precipitate settles much better, or the liquid can
be decanted more easily, and the filtration of the mud is also
greatly facilitated. In Louisiana the processes just described,
however, offer great difficulties for another reason, and that is
because our juices generally contain large quantities of reducing
sugars which at high temperatures are acted upon by the free
lime under the formation of very dark colored compounds ; thus
the very object of clarification would be nullified by introducing
more impurities than we had to start with. This disastrous eff'ect
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of an excess of lime can be overcome by not heating to high tem-
peratures before neutralization, but methods based on this fact
have not found favor here, because it would necessitate very
careful temperature control.* But in this dilemma we are helped
by the most remarkable and important fact that the same result
which is obtained by first nsing lime and then acid may also be
gotten by reversing the whole process, first adding the necessary
quantity of acid to the juice, which can be done in the cold, and
then neutralizing with lime. In practice, only sulfurous and
phosphoric acid can be used in this reversed process, because only
very little carbon dioxide will dissolve even in cold cane
juice.
These are then the methods we can use in Louisiana. Phosphoric
acid is employed only to a slight extent, on account of its
high
cost, while practically all of our sugar houses use sulfurous acid.
It must be admitted that this reagent exerts a chemical effect
on
certain constituents of cane juice, especially on the coloring mat-
ter. The latter is bleached, but it must be strongly emphasized
here that the bleaching does not mean removal, but simply a con-
version of the coloring matter into compounds with little or no
color. Even this effect is not permanent, however, as on exposure
to the air the bleached compounds darken again. The
excess
sulfur dioxide also precipitates a certain amount of proteids and
gums, but they would be pre'cipitated by lime alone also, and
besides, a part of the precipitate redissolves upon liming. We
see therefore that the chemical effect of the sulfur treatment
is
not of very great importance either.
The question may now well be raised whether cane juice clari-
fication by the methods just described is really an essentially
chemical phenomenon.
Some experiments made by Noell Deerr^ throw considerable
light on this question. He found that of the total impurities pre-
cipitated by heat and lime only 28% were removed by the lime,
while the other 72%, or by far the greater part, were thrown
down by heat alone, and could even be removed by filtration of
the cold juice through an asbestos filter. Norris^ also showed
*In the Battelle process (Intern. Sugar J. 15, 47, 535) the cane
juice
is boiled with a large excess of lime, and the destruction of the
glucose
is carried so far that the coloring matters formed at first
are again
destroyed In this way the cane juice is converted into a hquid resembhng
beet juice, and is then treated hke the latter, by carbonatation.
2 Intern. Sugar J. 18, 559 (1916).
3 Intern. Sugar J. 21, 71 (1919).
7
that upon passing' cane juice, from which all the coarser particles
had already been removed by screening, through Chamberlain
filters a large quantity of material was retained on the filter,
especially in the case of juice from the last mill where the great-
est pressure is applied and which delivers juice of very low
purity. Now, the 28 %> of impurities precipitated by the lime,
which in itself is a small quantity, may only in part consist of
chemical compounds of lime. Even admitting that it does so
entirely, it is readily seen that the so-called ''mechanical" effect
of clarification is much more important than the purely chemical
one. This conclusion is further strengthened by the fact to
which we have already directed attention, that filtration of the
juice becomes possible only when a large quantity of finely di-
vided precipitate is produced in the juice and, what is more
important, that it does not matter much how this precipitate is
produced, whether by adding lime first, or acid first. Nobody
certainly would claim that if we had to do with a purely chemical
process it would be immaterial whether we treat first with acid
or first with alkali. All this leads us to the inevitable conclusion
that the "mechanical" side of clarification is infinitely more
important than the chemical effect.
This being so, the next question is, what this mechanical effect
consists of and by what forces it is brought about. The above
mentioned experiments of Deerr and of Norris give us a clue in
this respect also. Since the impurities precipitated by heat can
be removed also by filtration in the cold through specially pre-
pared filters, they are evidently not molecularly dispersed, but
in a more coarsely dispersed state. Since they pass through
ordinary filters at least for a time, they are probably colloidal.
During the last few years evidence has been accumulating that
the whole subject of cane juice clarification should be reinvesti-
gated from the standpoint of colloidal chemistry. Prinsen
Geerligs* probably was the first to call attention to this. He says
in substance :
'
' The general aim of the different methods for
making high grade sugars is the obtaining of a clear, and if
possible of an uncolored juice; and of these two the first
desideratum is of foremost importance, the color dissolved in the
juice not being so objectionable as floating or suspended dark
4 Practical White Sugar Manufacture. London 1915, p. 62-3.
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substances." Further on down he says: "The clarification of
cane juice by chemicals does not eliminate from the juice any
great amount of impurities, but it is more the improvement of
the physical properties which is effected, as for example the
removal of the small amount of colloidal matter which hinders
the juice from being filtered and keeps afloat the suspended
ingredients;" and again "Although the quotient of purity
should be ascertained daily in the raw and clarified juices, the
increase in the figure should not attract any undue attention and
on no account should it be used as a criterion for the value of one
system or other of clarification for white sugar manufacture."
Schneller' also showed that certain phenomena connected with
cane juice clarification should be viewed from the stgindpoint of
colloid chemistry. Only a year ago Peck« published an article
giving a short outline of what had been done on this subject and
made a plea for further investigations.
Unfortunately we know very little as yet about the colloids in
cane juice. Undoubtedly we have to do with a very complex
system, in which the dispersion medium is evidently water. Some
of the solutes are in a state of molecular dispersion, for instance
sucrose, dextrose, levulose and various ash constituents. Others
are colloidally dispersed, such as proteids, polyphenol compounds
and related coloring matters, clay, very fine particles of fiber.
Then there are also coarse dispersoids, like larger particles of
soil and of fiber. Between all of these constituents adsorption
complexes are probably formed, which further complicate the
situation. Noel Deerr" seems to be the only one who has sub-
jected cane juice to a colloid-chemical analysis, and he states that
the colloids are lyophilic, charged negatively, irreversible as
regards the effect of heat, and reversible in their behavior towards
alkali. This information probably takes into account only a part
of the colloids present. Here is then an interesting field for
investigation.
However, we already have a sufficient number of data to
suggest the true nature of the "mechanical" effect of clarifica-
tion, and by what forces it is brought about. The fact that of all
the "chemical" processes of clarification those are the most effec-
5 Louisiana Planter 56, 44 (1916).
6 Intern. Sugar J. 21, TO (1919).
7 Intern. Sugar J. 18, 502, 558 (1916).
9
tive, where a large quantity of finely divided precipitate is
formed in the juice, the manner of producing it being unim-
portant, leads to the suggestion that this effect is due to surface
phenomena. There is no doubt that mutual precipitation of col-
loids and electrical phenomena also play a part, but anyway, both
of these are known to be closely associated with surface energy.
This theory based on colloidal chemistry permits us to explain
the different observations made in connection with the various
methods of clarification described above.
When cane juice is filtered cold through filter paper or cloth,
it passes through at first and the filtrate is cloudy. The colloidal
particles are smaller than the pores of the filtering medium, and
they go through. But the particles are quickly adsorbed by the
filtering medium, and the pores get clogged. The filtration soon
becomes very slow, although successive portions of the filtrate
are clearer and clearer. If pressure is applied, the colloid parti-
cles are again partly driven through the pores, but as soon as the
mat becomes thick enough, filtration stops once more. If the
juice is heated before attempting filtration, the colloids form
larger aggregates, and when the juice is now poured on a filter,
the first part of the filtrate is clearer than is the case in cold
filtration. But even the larger aggregates of the colloids are non-
rigid, soon clog the pores, -and filtration stops again. Now, if we
use lime in addition to heat, this reagent forms some insoluble
lime salts consisting of rigid particles, some of which are at least
large enough to be retaiiied by the filtering medium. These
particles of lime salts adsorb a part of the colloids, in proportion
to their active surface. They also serve now as filtering medium,
and it is not surprising that a clearer filtrate is obtained, and that
more filtrate can be recovered. But the quantity of rigid parti-
cles is not sufficient to adsorb all the colloids, and to form a
medium sufficiently porous for the liquid to pass readily. In the
sulfitation process a much larger quantity of finely divided pre-
cipitate is produced than with lime alone, adsorption is in-
creased, and the filtration proportionately facilitated. In the
carbonatation process the amount of precipitate is still larger, and
here we reach the possibility of perfect filtration, Avhere the
colloids are adsorbed to a maximum extent, and where there is a
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sufficient number of rigid particles to form a porous filtering
medium.*
If the adsorption theory is correct, it should be possible
effectually to clarify cane juices by simply introducing into them
chemically inert, finely divided substances of consequently high
adsorbing power. If such a process is feasbile, it will not only be
a strong theoretical argument in favor of the adsorption hypo-
thesis, but would also offer great practical advantages. We have
already mentioned that the carbonatation process is not favored
in Louisiana on account of the danger from the excess lime, and
that the sulfitation process gives very imperfect results, because
it does not remove a sufficient quantity of colloids, and particu-
larly of coloring matters. This line of reasoning led us to in-
vestigate the applicability of chemically inert adsorbents as
filtration aids.
CHEMICALLY INERT ADSORBENTS AS CLARIFYING
AGENTS.
A great number of such adsorbents have, from time to time,
been proposed for use in the sugar industry.^ Among these are
bone black and other carbons, various forms of silica, clay and
similar silicates, gypsum, dolomite, sawdust, paper pulp, peat,
bone meal, brick dust, pumice stone, etc. But of all these only
some of the various forms of carbon and of silica have so far
been found to be of practical value.
Bone black is extensively used in the refining industry; the
application of modern decolorizing: carbons has been the subject
of several of our publications during the past few years.^ The
prim^ary effect of these carbons is due to adsorption; it may
in certain cases, however, be followed by chemical phenomena,
such as the one mentioned on page 13.
The use of a small quantity of a good decolorizing carbon
added to hot cane juice has such a purifying action on it that it
can be readily filtered and emerges as a water white liquid. This
in itself would constitute a satisfactory clarification process pro-
* Another interesting application of adsorption to the clarification of
cane juice is found in the Williamson defecator, where the dispersoids
and the air introduced into the juice form adsorption compounds of low-
specific gravity. These rise to the surface and are easily removed.
8 Deutsche Zuckerind. 34, 9 (1909).
9 La. Bulletin 161 and 165; La. Planter 58, 381; 59, 154.
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vided that no sugar were lost by inversion. But even if the
process were safe from this standpoint, it would not be practical.
Decolorizing" carbons are quite expensive, and the success of their
use in the factory depends on the number of times they can be
used over and over again, with or without revivification. Now,
if carbon is used on raw juice, it will not only adsorb the highly
dispersed solutes in it, but will also become contaminated with
all the coarser dispersoids, like particles of soil and fiber, which
have passed through the juice strainer. This is liable to decrease
its adsorbent effect on the highly dispersed solutes, and also
makes it more difficult to revivify the carbon for repeated use.
It is exactly this consideration which led to the use of these
carbons on juice previously clarified by one of the chemical
methods.
But, fortunately, this pretreatment of the juice, which is
necessary for practical reasons, can be effected just as easily by
a chemically inert adsorbent as by chemical methods, at the same
time avoiding the drawbacks of the latter, mentioned before. It
has been found that properly prepared Kieselguhr answers all
the requirements.
The use of this material in the sugar industry was patented
in 1886 by Heddle, Glen and Stewart in England, and by
"Wiechmann in the United States,^^ for the filtration of refinery
liquors, 1 to 3% being used. In 1893 Soxhlet patented a process^^
in which one part of Kieselguhr with two to three parts of saw-
dust is used, also for filtering refinery liquors. Shortly after
1900 Kieselguhr was also introduced into processes of sugar
manufacture directly from the beet. Various patents were taken
out^^ in which Kieselguhr was advocated as a clarifying agent in
addition to chemicals, and the principal advantage claimed was
that the amount of lime used could be reduced, on account of the
purifying effect of the Kieselguhr. Others admittedly recom-
mended the Kieselguhr simply to facilitate the filtration of
clarified juice or filter press mud, and for this purpose Kieselguhr
has for a number of years been employed in the cane sugar
industry.^- Fribourg^^ states that the juice obtained by sulfita-
10 Newlands and Newlands: Sugar. London 1909, p. 586.
10 Loc. cit.
11 Z. Ver. D. Zuckerind. 49, 481; 55, 484; 56, 90; 57, 401, 533, 692;
58, 887. (1899 to 1908).
1.2 See also Peck, Intern. Sugar J. 20, 322 (1918).
13 Intern. Sugar J. 19, 162 (1917).
12
tion or by clarification with di-calcium phosphate can be filtered
through presses with the aid of Kieselguhr. Bachler^* recom-
mends the addition to the jnice of clay or similar colloids, which
are then coagulated by the addition of another colloid, like pro-
tein, or by acidifying with phosphoric acid; Kieselguhr is then
added to increase the filtrability of the precipitate. A similar
process has been patented by Krieger/^ In other processes the
Kieselguhr is used in a similar way as in the preparation of
dynamite, that is as a medium which absorbs large quantities of
liquid. Thus Bachler^^ incorporates hydrogen peroxide with it,
and uses this preparation for the decolorization of cane juice.
Wayte^^ absorbs phosphoric acid in the Kieselguhr and uses the
mixture for clarification; Tiemann^* "mordants" the Kieselguhr
with such chemicals as stannous chloride, followed by neutraliza-
tion with sodium hydroxide for decolorizing the juice.
In all the processes just mentioned it is not expressly stated
that Kieselguhr may also be used without simultaneous treat-
ment with chemicals, but this idea readily suggests itself and may
have been had in mind by at least some of the authors cited above.
It is actually claimed as a new process by Wooster.^^ The use of
Kieselguhr without chemicals was also suggested to us last year
by Dr. J. Sauer. This, and the theoretical considerations out-
lined in the first chapter of this bulletin, led us to investigate the
possibilities of Kieselguhr and decolorizing carbons, singly
and combined, for clarification, omitting chemical treatment
altogether.
THE EFFECT OF KIESELGUHR AND OF DECOLORIZ-
ING CARBON ON MILL JUICES.
The first question to be settled was whether there is any
danger of inversion when Kieselguhr or carbon are used on raw
juices, without first reducing its natural acidity. On theoretical
grounds it would be expected that there is less danger of inver-
sion than from the sulfurous acid present in juice made by the
white sugar sulfitation process, because the latter acid has a
14 Intern. Sugar J. 18, 386 (1916).
15 Intern. Sugar J. 20, 577 (1918).
16 intern. Sugar J. 17, 292 (1915).
17 Intern. Sugar J. 16, 294 (1914).
18 Z. Ver. D. Zuckerind, 64, 52 (1914).
19 U. S. Patent No. 1, 304, 458 (1919).
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greater inverting power than the organic acids in cane juice
itself. In our experiments on this problem we used Filter-Cel,
which is a specially prepared form of Kieselguhr of great
efficiency as a filter aid, and Norit which is a highly active de-
colorizing carbon.
A quantity of raw cane juice was boiled under reflux in the
presence of 1/2. and 1% of Filter-Cel. Samples were drawn
every fifteen minutes and analyzed. It was found that the acidity
of 10 cc. of juice was reduced 0.1 to 0.2 cc. N/10, owing either to
the presence of alkaline substances in the Filter-Cel, or more
probably to adsorption. Upon plotting the sucrose figures against
the time intervals, a curve was obtained which is concave towards
the time axis, and which shows that the rate of inversion is not
constant, but increases steadily with the time. During the first
half hour of boiling it is very slow, and the total drop in sucrose
amounts to 0.1%. If it is considered that in practice the juice
would not be boiled for any length of time, but simply heated to
the boiling point, or not even quite to that, then rapidly filtered
and evaporated in the effects at low temperature, it becomes clear
that the danger from inversion is not very great. Nevertheless,
the glucose ratio must be carefully controlled. At any rate, the
natural acidity of the juice can easily be reduced, if desired, by
the addition of a small quantity of lime or other alkaline sub-
stance, in order further to lower the hydrogen ion concentration.
Similar experiments with Norit showed that 1% of this carbon
added to raw juice reduces the acidity 0.5 to 0.6 cc. N/10 per 10
cc. of juice, evidently owing to adsorption. It is therefore not
surprising that the rate of inversion becomes extremely low, as
soon as Norit is added. Inversion can be detected by the drop in
the Clerget figures only after two hours boiling. There is indeed
a constant increase in the reducing effect on Fehling's solution,
but since the fall in the Clerget value is nil, this is probably due
to a secondary chemical effect of Norit on some constituent of
the juice.
Having ascertained that there is little danger from inversion
in actual practice, we next made some clarification experiments
in the laboratory in order to see what purifying effect Filter-Cel
and Norit have on raw cane juice.
The Filter-Cel was added in quantities of and 1% on
the weight of the mill juice, the latter brought to the boiling
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point, and filtered through a Buchner funnel. With 1% of
Filter-Cel the juice passed through the funnel in 3 to 5 minutes,
with %% it required 20 to 25 minutes, and with 14% about
3 hours. This shows that the rate of filtration increases rapidly
with an increase in the quantity of Filter-Cel. The most
economical quantity would have to be determined for each par-
ticular case and factory. The filtrates were quite clear, but dark
in color ; in other words the colloids are not entirely removed.
Large scale factory tests in this state, which we shall mention
further on, have demonstrated that clarification with Filter-Gel
alone is fully equal to sulfitation. However, we are not satisfied
with a process just as good as those used, and therefore followed
the Filter-Cel treatment by one with Norit, at the rate of 1% on
the weight of the juice.
Complete analyses were made of all the juices, and the results
are given in Table I. Since different juices were used in these
tests, we have calculated all the results on the basis of 100 parts
of total solids, and of 100 parts of sucrose, in order to make them
comparable.
TABLE I
On basis of 100 parts total solids
Org.
Sucrose Glucose Ash non-sugars Acidil
Experiment 1
83.11 7.81 2.48 6.60 0.98
14 % Filter-Cel . , 83.51 7.56 2.45 6.48 0.94
1% Norit 84.59 7.60 2.48 5.53 0.64
Experiment 2
79.43 10.76 2.78 7.03 1.05
V2% Filter-Cel. 80.46 10.72 2.71 6.11 0.95
1% Norit....... 80.68 10.75 2.69 5.88 0.76
Experiment 3
84.77 7.27 2.56 5.40 0.93
V2% Filter-Cel 84.90 7.15 2.43 5.52 0.92
1% Norit 85.23 7.27 2.46 5.04 0.62
Experiment 4
80.99 10.70 2.62 5.69 1.08
14% Filter-Cel. 81.10 10.68 2.53 5.69 1.00
1% Norit - 81.60 10.71 2.53 5.16 0.69
Experiment 5
81.80 9.87 2.58 5.75 1.09
1% Filter-Cel, . 81.97 9.89 2.47 5.67 0.99
1% Norit 82.42 9.81 2.47 5.30 0.76
Experiment 6
86.46 4.90 2.45 6.19 0.93
1% Filter-Cel. , 87.36 4.95 2.30 5.39 0.87
1% Norit 87.99 4.93 2.34 4.74 0.64
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TABLE I—Continued
On basis of 100 parts total solids
Org.
Sucrose Glucose Ash non- sugars Acidity
Experiment 7
85.02 7.09 2.40 5.49 0.92
85.41 7.15 2.27 , 5.17 0.84
85.71 7.20 2.31 4.78 0.63
On basis of 100 parts Sucrose
Total Org.
Impurities Glucose Ash non- sugars Acidity
Experiment 1
20.32 9.40 2.99 7.93 1.17
19.75 9.05 2.93 7.77 1.12
18.21 8.98 2.93 6.70 0.76
Experiment 2
1.3225.89 13.55 3.50 8.84
24.28 13.32 3.37 7.59 1.18
23.95 13.32 3.34 7.29 0.95
Experiment 3
17.97 8.57 3.02 6.38 1.10
17.79 8.42 2.87 6.50 1.08
17.33 8.53 2.88 5.92 0.73
Experiment 4
23.47 13.21 3.24 7.02 1.33
23.30 13.17 3.12 7.01 1.23
22.55 13.12 3.11 6.32 0.85
Experiment 5
1.3322.25 12.06 3.15 7.04
22.00 12.07 3.01 6.92 1.21
21.83 11.91 3.00 6.42 0.92
Experiment 6
15.67 5.67 2.84 7.16 1.08
14.47 5.67 2.63 6.17 1.00
13.65 5.60 2.67 5.38 0.73
Experiment 7
17.61 8.33 2.82 6.46 1.08
17.08 8.37 2.66 6.05 0.98
16.67 8.40 2.70 5.57 0.74
If we average the different results, we find that 1/4% of Filter-
Cel (one experiment only) gave a purity increase of 0.40,
one of 0.42, and 1% one of 0.49. The additional increase in
purity due to the use of 1% of Norit averaged 0.50. The total
purity increase is therefore 0.9 to 1 point. The table below shows
how the different constituents of the juice contributed to this
purity increase. The changes, marked with the — sign for
decreases, and with the + sign for increases, are calculated in




Glucose Ash non- sugars Acidity
Filter-Cel (1 expt.) —3.72 —2.01 —2.02 —4.27
1.19 —4.00 —5.13 —7.20
1% Filter-Cel (3 expts.) + 0.23 • 0. / o —7.40 —8.62
Filter-Cel, average of all exper-
iments —0.99 —4.55 —5.51 —7.50
Additional change from Norit,
average of all experiments —0.30 + 0.02 —8.68 —25.00
Total changes, Filter-Cel plus
Norit, average of all expts. —1.29 —4.53 —14.19 —32.50
There is evidently no increase in the glucose ratio, and there-
fore no inversion, from either Filter-Cel or Norit. In fact, we
note a slight average decrease, which is probably also caused by
adsorption. The ash is reduced considerably by the Filter-Cel,
but not any further by Norit. This is no doubt due to the fact
that the Norit used in these tests had not been treated with acid
before use, and therefore still contained its original four per cent
of soluble ash. It could thus not be expected to remove any
appreciable quantity of ash, while acid washed Norit undoubtedly
does reduce it. The largest reduction, by both Filter-Cel and
Norit, is in the organic non-sugars, and here the Norit removes
material which Filter-Cel does not act upon to any extent. To
this latter class belong, as we have already seen, the free acids,
and especially the coloring matter, which is not affected to any
extent by the Filter-Cel treatment. The figures as a whole show
very clearly that a preliminary treatment with Filter-Cel greatly
facilitates the work of the Norit, because the Norit would have
to remove impurities which are otherwise taken up by the Filter-
Cel. That this is actually the case, was shown in our sugar house
tests, which will now be taken up.
FACTORY TESTS WITH FILTER-CEL AND NORIT.
While the laboratory results just described seemed very en-
couraging from the standpoint of clarification, it was necessary
to ascertain whether the process is feasible on the large scale, and
how the final products, sugar and molasses, compare in quality
and quantity with those made by the current sulfitation process.
Unfortunately our supply of cane was very limited, owing to the
disastrous climatic conditions during the past year. Only three
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runs could be made with the cane at our disposal. Further diffi-
culties aro.se from the fact that we had only one filter press which
could be used for the purpose in hand. In actual
practice the
mill juice would first be heated with Filter-Cel. sent toough the
presses, at once treated with Xorit, and passed through another
set of presses. TVith our equipment we either had to
filter the
Xorit treated juice through the same press on top of the
Filter-
Cel precipitate, or else had to clean out the press exery time
after
it had been used for either Filter-Cel or Xorit filtration.
The
latter process was tried, as being theoretically preferable, but^
it
was found that it took entirely too much time, and that the juice
would surely deteriorate on being kept so long. So we continued
the work by the former method. This procedure was better,
but
it still gave a lot of trouble, because the filtration through
alter-
nate layers of Filter-Cel and Xorit was much slower than separate
filtrations would have been. Under the circumstances it was
useless to make analyses of the juices after each treatment, and
we can give only the final figures after the use of both Filter-Cel
and Xorit.
In each of these runs about 8 to 10 tons of juice were used,
and clarified in portions of about 3Ch in poimds each per
clarifier.
In the first two runs the raw juice was treated with
lo'c of
Filter-Cel, heated until the blanket broke, then thoroughly
mixed,
and sent through the press. Filtration wa^ verv rapid, and after
» iiiTie pumping DacK tlie .luice came periectiy ciear. tnougn
stin
dark. It was taken into a clarifier, mixed with I'-^c Xorit. re-
heated and refiltered. This time the juice came out bright
and
almost water white. In the last two of the six clarifiers in
run
one, we had to omit the addition of fresh Xorit. having run
out
of it temporarily. These clarifiers were only treated with
Filter-
Cel. and the juice sent through the press which had the
Xorit
from the previous clarifiers in it. In the third run the Filter-Cel
was omitted, and only l^c Xorit used directly on the raw juice.
The filtration was not as good here as where the juice had
been
pretreated, for obvious reasons, and the juice ran slightly milky
for a while. After four clarifiers had been run in this way.
the
press began to leak badly, which is the worst thing that
can
happen with carbon filtration, because the success of the
whole
process depends on the complete elimination of the carbon,
which
otherwise goes into the sugar. So we decided to finish this
run
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by using onl}^ lime on one clarifier, and sulfur and lime on the
last two. This gave us some comparative data on the color of the
products obtained by the chemical methods, as compared with
Norit, or Filter-Cel plus Norit.
In run 1 the syrup was directly boiled to grain, and in runs
two and three it was filtered through Norit, using 5% of this on
the total solids in the syrup.
The regular analyses of the various products obtained are
given in the following table, in which all the constituents are
again calculated on the basis of 100 parts total solids, and also
on 100 parts sucrose.
TABLE III
On basis of 100 parts total solids
Org.
Sucrose Glucose Ash non-sugars Acidity
Run 1
72.68 11.17 3.74 12.41 0.62
Clarified Juice 73.46 12.39 3.64 10.61 0.48
75.07
53.45 33.33 7.15 6.07
Run 2
69.87 1 7 1 C 4.67 8.28 0.86
69.92 18.87 4.20 7.01 0.59
68.03 18.08 3.94 9.95 0.50
Syrup, treated with Norit 70.93 18.74 3.89. 6.44 0.42
I. Molasses. 52.69 38.27 7.69 1.35
Run 3
Raw Juice, Clar. 1-4 78.39 10.82 3.83 6.96 0.66
Clarified Juice, do 78.84 11.54 3.73 5.89 0.41
Syrup, Clar. 1-7 80.15 11.68 3.20 4.97 0.74
Syrup, treated with Norit,
do 81.59 11.38 3.24 3.79 0.20
I. Molasses 61.66 26.19 6.54 5.61
On basis of 100 parts sucrose
Total Org.
Impurities Glucose Ash non -sugars Acidity
Run 1
39.25 16.09 5.27 17.89 0.87
37.63 17.57 5.06 15.00 0.68
33.21
I. Molasses.. 87.09 62.36 13.38 11.35
Run 2
Raw Juice 43.36 24.78 6.68 12.00 1.12
Clarified Juice 43.20 27.18 6.02 10.00 0.76 ,
46.99 26.58 5.80 14.61 0.74
Syrup, treated with Norit 40.99 26.42 5.49 9.08 0.59
I. Molasses 89.80 72.63 14.60 2.57
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TABLE III—Continued.
On basis of 100 parts sucrose
Total Org.
Impurities Glucose Ash non-sugars Acidity
Run 3
Raw Juice, Clar. 1-4.,.. 27.60 13.82 4.89 8.89 0.84
Clarified Juice, do 26.85 14.63 4.73 7.49 0.52
Syrup, Clar. 1-7 24.76 14.57 3.99 6.20 0.92
Syrup, treated with Norit,
22.57 13.94 3.97 4.66 0.25
62.18 42.48 10.61 9.09
There was a slight increase in purity in each clarification,
averaging 0.43 points, and a considerable purity increase in the
Norit treatment of the syrup. The purity rises in the juices
would have been larger, and probably would have approached
those found in our laboratory experiments had it not been for an
increase in the glucose ratios, due to slight inversion, which was
caused by the fact, already explained, that we had to work with
one single press. In the syrup treatment with Norit the glucose
ratio dropped in both runs where it was used. There is noted in
every case a slight decrease in the ash, and a considerable one in
the organic non-sugars, including acidity, in clarification as well
as in the syrup treatment. In this respect the factory tests
corroborate our laboratory findings.
It is also noted that where Norit alone was used, in run 3, the
ash dropped about 3%. In run 1 it was reduced about 4%, and
in run 2 almost 10%.
These variations are probably partly due to varying quantities
of insoluble ash introduced with the cane itself in the form of
soil particles.
The reduction in organic non-sugars was 16.15% in run 1,
16.67% in run 2, and 15.75% in run 3. These figures are quite
close together and agree fairly well with the 14% found in our
laboratory tests. The Norit alone took up almost as much organic
non-sugars as the Filter-Cel and Norit combined, and this proves
that the work done by the Norit can be greatly reduced by a pre-
liminary treatment with Filter-Cel, and that consequently the
Norit will hold out longer, and will not have to be revivified as
often as would otherwise be the case.
The removal of the non-sugars would be expected to promote
crystallization upon concentration of the liquor, and we found
this actually to be the case.
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The treatment with Kieselguhr and carbon also sterilizes the
juice quite effectively, as was found by Dr. Kopeloff, of this
station.-* His results, although based on only one run each in
1918 and 1919 and therefore not conclusive, seemed to indicate a
slight superiority in this respect over clarification by sulfitation.
The most remarkable effect of the new process was noticed in
the coloring matter of the various products, and in its important
components, iron and polyphenols. These constituents were de-
termined in the same way as last year,^^ and the results are
presented in the following table which gives the color in the
units used last year and the other constituents in parts per
million in each product.
TABLE IV
Polyphenol
Total Ferric Total Poly- iron
Color Iron Iron phenols compoun
Run 1
22 12 19 470 96
2 2.5 2.5 + 50 20
19 44 58 493 352
I. Molasses 84 132 167 2118 1056
12 8 8 + 40 46
Run 2
Raw Juice 20 20 34 390 160
1 1 1 + 55 8
14 14 17 300 112
Syrup, treated with Norit... 9 4 4 + 175 32
22 30 30+ 653 240
1 T. T. T. T.
Run 3
20 18 28 440 144
niarified Juice, do 1 T. T. SO T-
vjiarxiieu i/uicc, i^iar. o, mux
alone 26 50 77 410 400
Clarified Juice, Clar. 6-7, lime
18 14 • 22 245 112
Syrup, Clar. 1-7 18 9 10 500 72
Syrup, treated with Norit, do. 8 2 2 + 160 16
I. Molasses 27.5 T. T. 488 32—
T. T. T. T. T.
Upon comparing these figures with those obtained last year,^^
it is readily seen that, with the exception of the raw juices, the
total coloring matter and its components are ever so much lower
24 La. Planter 64, 14.
20 La. Bull. 165, 14 ff.
21 La. Bull. 165, 19.
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than last year. This proves the superiority of the new process in
this respect over the older methods. The actual quantities are in
many cases so small that they could be determined only approxi-
mately. We had to make use of the sign T., denoting "trace,"
and of the plus and minus signs for ''somewhat more" and
"somewhat less" than the figures which they follow. The raw
juices this year had considerably more coloring matter, and par-
ticularly a much greater quantity of polyphenols than last year.
But in spite of this the clarified juices, and consequently all the
other products, had much less, even when compared with last
year's products which had been treated with carbon in connec-
tion with chemical clarification.
This year's raw sugars, unwashed, were of a light yellow
color, without any grayish, greenish, or reddish tint, and would
on this basis be classified as "yellow clarifieds,'" corresponding
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For the sake of better eomparison we have again ealeulated
all the figures given in Table IV on the basis of equal quantities
of total solids, and the results are shown graphically in Fig. 1,
which is drawn on the same scale as last year's." In order to
further facilitate comparison we have also inserted the graphs
for run 3 of last year, where the straight sulfitation process was
used, and for run 2, where carbon was employed in addition to it.
It will not be necessary to go into details again, and we shall only
point out some salient features. In run 3 of 1918 the color, ferric
iron, and total iron increased quickly from raw juice through to
the molasses. In run 2, 1918, the same constituents, and par-
ticularly the total color, decreased from raw juice to clarified
juice, but increased rapidly again in the syrup and molasses. In
run 1, 1919, the changes were similar to those in run 2, 1918.
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This is largely due to the well known fact that in the first run of a
campaign the products pick up a lot of foreign matter, especially
from pipes and machinery, and the iron therefore increases
rapidly. In run 2, 1919, however, the rise from clarified juice to
syrup, and again from carbon treated syrup to molasses is very
slight. The Xorit treatment of the syrup naturally caused a drop
in all of the figures. In run 3, 1919, the increases from clarified
juice to syrup are again larger, because here the last three
elarifiers were not treated with carbon at all ; from Norit treated
syrup to molasses the figures rose but slightly. The large drop
in total color and in polyphenols, from raw juice to clarified
juice, shows very clearly in the graphs.
The close relations between total color and polyphenol-iron
compounds is again strikingly demonstrated in Fig. 2, which
corresponds to Fig. 2 published last year.-^ The graphs for runs
3 and 2 of 1918 are again included. It is seen that there is
indeed an important connection between the two factors named,
just as we concluded from last year's work. However, there is
a slight irregularity in run 1 of 1919, in that the total color is
considerably less than we would expect from the polyphenol-iron
compounds present.
It need hardly be emphasized that the coloring matters are
actually removed in this process, while in the sulfitation process
they are only bleached temporarily, as explained before.
One of the most remarkable observations made this year is
that, in all the syrups, and even in the molasses and sugars, there
is less iron than can combine with the polyphenols still present,
whereas last year we found an excess of iron in some of the
syrups, and in all the molasses and sugars. For this reason the
addition of ferric salts to this year's final products caused a
darkening in the color. The low figures for iron are easily
explained, as the corroding effect of the sulfites in an acid
medium which is so pronounced in the sulfitation process, is ex-
cluded in the new method.
The sugar manufacturer is naturally most interested in the
yield and quality of the sugars and molasses obtained by any
particular process, and we shall therefore discuss this phase of
the problem a little more fully. As we did not have enough cane
23 La. Bull. 165, 26.
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to run some complete comparative tests with the sulfitation
process, it will be best to compare the averages of this year's
results with those of last year. The sucrose content of the raw
sugars was the same as last year, 93.5. The better quality of the
sugars was therefore largely in the color, but this in itself is a
great advantage, as every sugar man knows, because the molasses,
as we have seen, are also so light colored that a considerable
quantity could be boiled back for white sugar. The total non-
sugars average 1.65% this year, against 2.69% last year, having
been effectually removed by the carbon, but the glucose averaged
higher than last year, 3.81 against 2.03, owing to the higher
glucose content of all the initial products.
In 1918 the average purity of the five syrups was 79.47, and
we recovered in the first sugar 59.92% of the sucrose contained
in the syrup. In 1919 the three syrups averaged 77.24 in purity,
and we recovered 62.78% of its sucrose content in the first sugar.
Although the small amount of work does not permit us to draw
definite conclusions, it is nevertheless quite certain that the new
process furnishes sugar of infinitely better color and with a
smaller quantity of non-sugars, particularly organic non-sugars
;
and there are good indications that the yield will be at least equal,
if not superior. This inference is further strengthened by the
observation that the massecuites boiled much more freely and
purged better than similar ones made by the sulfitation process.
It is very gratifying to note that at least some of the sugar
planters in this state have at last started some factory experi-
ments along the same lines as done at the station. The actual
data obtained so far are still very meagre, but since they seem to
bear out our own conclusions, as far as the feasibility of the
process is concerned, we shall shortly mention the reports we
have received from two of those factories.
At the first of these places a three days' run was made with
Kieselguhr alone. The average increase in purity was 0.28 points.
The superintendent . of this factory makes the following state^
ment : ' ' The filtration of the juices was very easy, the boiling in
the vacuum pan was a surprise to the sugar boiler, and the
product was in no way inferior to sugar made by the sulfur and
lime process."
At the other factory a 24-hour run was made, grinding 700
tons of cane. An average of 17.2 pounds of Filter-Cel per ton of
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cane was employed on the raw juic^;, beginning with 30 pounds,
and gradually decreasing the quantity to 12 pounds. No lime or
sulfur were used. In the first four periods the average purity
rose from 73.6 to 75.8, the acidity dropped from 1 to 0.75 cc, and
the glucose ratio frcnn 21.2 to 20.2. In the last four periods the
purity increased from 74.5 to 75.8, the acidity fell from 1 to 0.9 cc,
and the glucose ratio only changed from 21.4 to 21.7. These
results confirm our own findings. Filtration was very rapid, and
the press cake could be washed to a sucrose content of 0,25%,
which would mean a saving of 1 pound of sugar per ton of cane.
Other advantages may be expected from the fact that the juices
reach the effects more quickly, that the corrosive effect of the
sulfurous acid is eliminated, and that the scale would be reduced.
The manager of this factory sent us a report with a letter in
which he says, in part, as follows: "Later in the season we
repeated this experiment, grinding something over 2000 tons of
cane using Kieselguhr in the same manner as described in this
report and then treating the syrup with Norit. Norit removed a
large percentage of the coloring matter and gave us the liquor
from which we abstracted first a strike of granulated sugar, and
then, making grain on syrup in one of our pans, we were able to
take the run-offs from the granulated sugar strike and make a
strike of yellow clarified sugar. The molasses from this yellow
clarified sugar was then treated with Norit, and sold as commer-
cial molasses at 65c per gallon. In passing this molasses over
Norit, we made a positive rise in purity of, at least, four points,
to 40. There was no lime or sulfur used in the making of this
molasses."
The fact that this molasses sold at such a good price, is note-
worthy. Our own molasses were greatly superior in color to
anything we have ever seen in the way of unbleached goods, and
at least equal to the general run of bleached ones, which, as is
well known, do not keep their color on exposure to the air. The
taste is naturally different from that of molasses made by
chemical processes, especially by those where sulfur is used. The
well known sulfur taste is of course entirely absent, and in other
respects the flavor is modified. This would be expected, because
among the non-sugars removed there are certainly some which
affect the iSavor. This is readily seen by the practically complete
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absence of any odor from the clarified juice, while that made
with lime and sulfur has a rank, disagreeable odor.
In brief, the results obtained so far with the new process are
very encouraging, and it commends itself for thorough trials
carried out for a sufficient length of time to gather complete
information on its merits in actual factory practice, and to collect
reliable cost data.
SUMMARY.
Previous investigators have found that nearly three-fourths
of the impurities which are removed by treatment of cane juice
with heat and lime, can be taken out by filtration in the cold, and
that therefore the chemical effect of the lime treatment plays
only a small part in clarification with this process. It was also
shown by the same investigators that the greater part of these
impurities exist in the juice in colloidal form. Conclusions based
on these facts are further developed in this paper, and it is
pointed out that .the effectiveness of the various chemical clarifi-
cation methods at present in use may in their broad outlines be
explained by colloid-chemical considerations. It is very probable
that surface energy, and particularly adsorption, is the principal
factor in these clarification processes. It follows from these
theoretical considerations that cane juice clarification may be
brought about without the use of any chemicals whatever, but
simply by the use of efficient adsorbents. Laboratory and factory
tests have given strong evidence that this is actually the case, and
it was found that, in comparison with the sulfitation process, at
least the same quantity of first sugar of greatly superior quality
can be made by clarification with Filter-Cel, followed 'by
treatment with 1% Norit, and filtering the juice in both cases,
which is easily and rapidly done. The first molasses is so very
light in color that the recovery of high grade sugar can probably
be materially increased, still leaving a molasses of higher market
value than that made by the usual plantation methods.
